The goal of this chapter is to present three kind of thin films for the materials, done by Chemical Bath Deposition technique, the materials are CdS, PbS and CuS. The characterization has been diversified, but consisting mainly X-ray Diffraction (XRD) giving hexagonal, cubic and amorphous structures of CdS, PbS and CuS respectively. The Raman dispersion let to found the characteristics peaks of vibration, one for the CdS located on 300.7 cm −1 , three for PbS and two more for the CuS. We use X-rays Photoelectron Spectroscopy to formalize the chemical composition analysis, from this analysis we could to proof the high purity of the chemical bath deposition method in the materials preparation. We used UV-Vis Spectroscopy to determine simple optical responses, getting the biggest transmittances of 72% for CdS, 45% for PbS, and 80% for CuS, and direct energy band gaps of 2.47 eV for CdS, 1.78 eV for CuS as ground and with thermic annealing 2.45 eV which is believed result of amorphous to crystalline morphology changes, the indirect bandgap 0.94 eV is measured too. The AFM given information about the surface morphology and roughness, Scanning Electron Microscopy (SEM) micrography shows the polycrystallinity nature of the CuS including the smooth.
Introduction
Lead sulfide (PbS) and cadmium sulfide (CdS) are two semiconductors studied since time ago, their combined research has around one century and the direct band gap for PbS is around 0.37 eV at 300 K [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The PbS is mainly used as an infrared detector in various fields has been used mainly as an infra-red detector in another diverse field [11] [12] [13] [14] [15] . On the other hand, the CdS material shows a direct band gap between 2.42 and 2.53 eV [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The CdS material was used as a pigment as well as for solar cells optical window; cadmium sulfide is a semiconductor II-VI type which is mainly useful in optoelectronic devices and some researchers reported that it has low conductivity of 10.8 (Ω cm) −1 . Lead sulfide has a cubic crystallographic structure, while cadmium sulfide can be cubic or hexagonal, basically. Here we also discuss some features of copper sulfide (CuS) semiconductor film. These materials are mostly found in amorphous nature with poor crystallinity tending to nanocrystals. Some reports showed the possibility of converting CuS films into the chalcocite phase by mean copper atomic implanting; in reference [26] the authors reported an indirect band gap of 1.28 eV for CuS. CuS is used in various applications such as ion sensitive electrodes and photothermal conversion solar controllers [27, 28] .
Synthesis of the thin films
CdS thin films were deposited on microscope glass substrates, immersed into a 100 ml beaker containing a solution mixture of 31 ml of deionized water, 4 ml of 0.1 M cadmium nitrate tetrahydrate (Cd(NO 3 ) 2 4H 2 O), 5ml of 0.5 M glycine (NH 2 CH 2 COOH), 2 ml of pH 11 buffer, 5 ml of 1 M thiourea ((NH 2 ) 2 CS) and finally in the mixture solution of 60 ml of deionized water was added in order to increase the reaction volume. The mix of solutions was placed in a thermal reservoir maintained at 70°C for 10 min and a homogeneous CdS film with a direct band gap of 2.47 eV was obtained.
PbS thin films were obtained by sequentially adding 5 ml of lead acetate (0.5 M) and 5 ml of sodium hydroxide (2 M), 6 ml of thiourea (1 M) and 2 ml of triethanolamine (1 M) in mixture solution and finally in the solution, 82 ml of ionized water is added. After stirring the mixture solution, in order to homogenize the mixture, the reaction mixture was placed in a thermal source at 70°C for 5 min.
CuS thin films were deposited in glass substrates obtained from a solution by adding 2 ml of dilute copper nitrate (0.1 M) into 31 ml of deionized water and then adding sequentially 2 ml of barium hydroxide (0.01 M), 2 ml of triethanolamine (1 M), 4 ml of thiourea (1 M) and finally 19 ml of deionized water. The determined reaction time was 20 min. Using the process, we are able to obtained CuS thin films of around 150 nm thickness, amorphous, weakly adhered and a direct energy band gap of 1.26 eV [9] .
Rigaku Ultima III diffractometer with micro-Raman X'Plora BXT40 at 2400T resolution was used to collect the X-ray patterns. The chemical analysis was carried out using an XPS PerkinElmer Phi-5000 model. Transmission spectra were obtained using an Ocean Optics USB4000-UV-VIS spectrometer in the 280-850 nm wavelength range. The surface morphology of the samples was studied by atomic force microscopy (AFM), using a JSPM-4210 scanning probe microscope (JEOL Ltd.), SEM Zeiss SUPRA 40.
This section describes the chemical formulations used to obtain the selected thin films materials such as CdS, PbS and CuS. As can be observed, the used chemical compounds (precursors) are so easy to manipulate and the procedure just consists of adding the ordered aqueous solutions sequentially, heating and waiting for the deposition time.
The following are the chemical formulations to obtain cadmium sulfide (CdS) thin films: The following are the chemical formulations to obtain lead sulfide (PbS) thin films:
1. 5 ml of lead acetate, Pb (CH 2 COO) 2 , 0.5 M 2. 5 ml of sodium hydroxide (NaOH), 2 M 
Results
The first characterizations to present are X-ray diffraction patterns for the thin films of materials (CdS, PbS and CuS) as ground and CuS thermal annealed (see Figure 1 ). Figure 1 shows the precise labels for each film. CdS PDF # 02-0563, PbS PDF # 65-9496 and CuS amorphous.
The Raman dispersion characterizations were carried out using a laser with a wavelength of 532 nm. Figure 2 shows a typical Raman signal for CdS [29] , the Raman spectrum is noisy, but an adjustment was carried out in order to smooth. 
Thin Film Processes -Artifacts on Surface Phenomena and Technological Facets
For the PbS thin film, the Raman spectrum shows three more intense signals, located in 201.6, 319.9 and 449.07 cm −1 (see Figure 3) . Also a laser of 532 nm wavelength was used to obtain the Raman spectrum. 
Raman spectrum for as ground CuS thin film (see Figure 4) shows two well-defined signals or dispersions at 263.5 and 471 cm −1 .
The next characterization is carried out by X-ray photoelectron spectroscopy; at this stage, it is possible to determine the chemical composition for the grown materials: CdS thin film, PbS 
thin film and as ground CuS thin film and annealed CuS thin film (as with thermal annealing as without thermal annealing). The energetic levels located in each one of the thin films are shown in Table 1 and Figure 5 . Table 1 shows 11 peaks identified for the CdS, 10 for PbS and 13 for the CuS. All these peaks confirm the high purity of the material preparation.
On the other hand, Figure 6 depicts the absorption responses for one CdS, one PbS and two CuS thin films. The CuS thin films correspond one to as ground film and other with thermal annealing. Reaction conditions are as follows: for CdS: reaction temperature 70°C and reaction time, 10 min; for PbS: reaction temperature 75°C and reaction time 5 min; and for as ground CuS: reaction temperature 55°C and reaction time 20 min, while a replicate of CuS has been thermal annealed to 180°C for 20 min. Thin Film Processes -Artifacts on Surface Phenomena and Technological Facets Figure 7 shows the graphical calculation procedure which determines the optical direct band gap and this procedure is typically denominated by Tauc procedure. The intercept had a value of −3.67123 (a.u.), while the slope was 1.48674 (a.u./eV)
A very interesting and useful analysis is the corresponding to comparison between the absorption coefficient (cm
) and the light penetration deep (nm), see Figure 8 . The relationships among them are basically multiplicative inverses; for example, we choose the wavelength value of 595 nm and from there, the values for the absorption coefficient (α) and light penetration deep (Lpd) are 4 × 10 4 cm −1 and 2.5 × 10 2 nm, respectively. This curve is important because is a good tool to solar cell designs. In this curve is possible chose the thickness to satisfy a quantity of absorption and penetration length deep.
As shown in Figure 9 - Figure 11 , the direct band gap value is computed for the CuS thin films obtained by chemical bath deposition, in the curve seen in Figure 9 , the direct band gap is 1.78 eV for the CuS as ground, in Figure 10 , the band gap is 2.74 eV for CuS which is subjected at thermal annealing. The indirect band gap of 0.94 eV for CuS is shown in Figure 11 . images show the PbS thin films and finally, the top and perspective views of the CuS thin film are shown in the images labeled (e) and (f). The cluster size of PbS is bigger than that of CdS, which are at the same scale, while the cluster size for CuS only was appreciable for a higher magnification; anyway, the higher profile heights were found for CuS films around six times bigger than CdS. 
Photoresponse
The CdS was a unique material that shows the interesting behavior with time. The response should be instantaneously in a conductor however due to charge effects this is retarded in CdS and it is a dielectric material therefore the response is similar to a capacitor, when the energy is increased above of the band gap this exponential behavior is increased. Figure 14 shows the behavior of the photoresponse at three different wavelengths, showing a greater need for stabilization time at a wavelength close to the bandwidth.
The graph of resistance vs. temperature for the CuS thin films with thermal annealing determines the semiconductor behavior from the slope of the curve of Figure 15 . This curve is nearly linear and then it is possible fitting by a line. The minimal resistance is present at 112°C being 1047180 Ω. In this case, we can see that this curve is composed of three straight lines approximately all of these of semiconductor behavior but with different slopes (see Figure 16 ) [29] . Thin Film Processes -Artifacts on Surface Phenomena and Technological Facets Figure 17 shows the structure of a solar cell, where on a glass substrate covered by an ITO film is deposited CdS by the aforementioned procedure the PbS is then deposited following the formula of the section (Synthesis of the thin films) and finally are Deposited silver contacts to measure the complete structure, the contacts are periodically separated by 1 cm as shown in this figure.
The I-V curve in Figure 18 shows an on voltage that increase with the increase of the measure area because each measure is realized considering first E1 respect to ITO, after that E1 + E2 = E2 respect to ITO and so on. The measure result is shown in the curve I-V, which indicates that when the slope increases the resistance decreases, increasing therefore with current. 
Conclusions
The main conclusion establishes that the chemical bath deposition technique is a simple and low-cost process and that it is used to obtain thin films of CdS, PbS and CuS with very good homogeneity, pure enough and low cost, which can be used in wide range of applications.
CdS thin films obtained using glycine as a complexing agent presented hexagonal polycrystalline structure. The method used for PbS thin films in this work also produced a polycrystalline film but with cubic geometry. The CuS thin film was an amorphous material and weakly adhered to the substrate.
Their optical responses in the UV-vis range are according with some reported values. Some electrical and thermal tests were used on the obtained materials, In order to future applications.
